Summary. Fourteen horse embryos recovered non-surgically on Days 6\p=n-\8after ovulation (Day 0) were cooled slowly to \m=-\35\s=deg\C(7 embryos) or \m=-\40\s=deg\C(7 embryos) and stored in liquid nitrogen (\m=-\196\s=deg\C) for 4\p=n-\98 days. Surgical transfer of the thawed embryos to unmated recipient mares that had ovulated \m=-\2 to + 1 days with respect to the embryo donors resulted initially in the establishment of 4 conceptuses. However, only one mare maintained her pregnancy to term.
Introduction
Deep freezing of embryos is now well established in cattle (Wilmut & Rowson, 1973; Willadsen, Polge & Rowson, 1978; Lehn-Jensen, 1980; Renard, Ozil & Heyman, 1981;  Massip, van der Zwalmen, Hanzen & Ectors, 1982; Niemann, Lampeter, Sacher & Krieff, 1982; Leibo, 1983; Renard, Heyman, Leymonie & Plat, 1983) , sheep (Bilton & Moore, 1976; Willadsen, Polge, Rowson & Moor, 1976; Willadsen, 1977; Tervit & Goold, 1984) and laboratory rodents (Whittingham, Leibo & Mazur, 1972; Wilmut, 1972; Whittingham & Adams, 1976; Tsunoda, Shimohora, Yzumi, Soma & Sugie, 1979; Landa, 1981) . However, there has been less success to date when attempts have been made to freeze pig (Polge, Wilmut & Rowson, 1974) and horse embryos. Yamamoto, Oguri, Tsutsumi & Hachinohe (1982) reported the birth of one live foal following the transfer of 11 embryos recovered and frozen at Day 6 after ovulation; a further 2 of these frozen embryos were thought to have resulted in pregnancies that developed only to Days 32-43. Takeda, Elsden & Squires (1984) obtained 2 live foals following the surgical transfer of 4 frozen-thawed Day-6 embryos to 3 recipient mares and Slade, Takeda & Squires (1985) reported an experiment in which 9 of 17 recipient mares remained pregnant at Day 50 after surgical transfer of frozen-thawed Day-6 blastocysts.
The present study was undertaken to examine the effects of two methods of freezing on the morphological appearance and viability of horse embryos. Whittingham, 1974) for 30-120 min at 18-25°C before initiating the freezing process. Freezing was carried out using a slight modification of the method described by Willadsen (1980) (Group II). On reaching these temperatures the tubes were plunged into liquid nitrogen (-196°C) and stored for 4-98 days.
Embryo thawing and transfer. The embryos were thawed rapidly by dropping the freezing tubes into a water bath at 37CC. Glycerol was then removed in four 10-min steps by passing the embryos through a series of Petri dishes containing Medium PB1 with reducing concentrations of glycerol (10, 7-5, 5, 2-5%). Finally, the embryos were rinsed for 10-20 min in Medium PB1 without glycerol before being transferred to recipient mares. One Group-I and 6 Group-II embryos were cultured in Medium PB1 supplemented with 20% (v:v) fetal calf serum (FCS; Gibco Laboratories Ltd, Uxbridge, Middlesex, U.K.) at 37°C in an atmosphere of 5% C02:95% air for 24-72 h before being transferred. Six of the embryos showed poor or doubtful morphology immediately after thawing and they were cultured in an attempt to be more certain of their viability before embarking upon the trouble and expense of surgical transfer to recipient mares. For the remaining embryo a recipient mare was not available at the required time.
Embryos were transferred surgically as described by Allen (1982) into recipient mares that had ovulated from 1 day ahead (+ 1) to 2 days behind (-2), relative to respective donor mares. Preg¬ nancy was diagnosed from Day 16 by realtime ultrasound scanning of the uterus (Simpson et al, 1982) and monitored by radioimmunoassay of peripheral plasma progesterone concentrations (Newcomb, Booth & Rowson, 1977) and haemagglutination-inhibition assay of serum chorionic gonadotrophin (horse CG) concentrations (Allen, 1969 During culture in vitro all the Group I and 2 of 6 Group II embryos expanded fully to assume the appearance of normal blastocysts. Three other Group-II embryos that appeared damaged showed partial expansion and the remaining Group-II embryo remained static as a morula ( Second, although culturing embryos in vitro after thawing helped to evaluate their quality by morphological appearance, it did not improve their viability. None of the 7 cultured embryos resulted in a viable fetus after transfer and the fact that 2 of them gave rise to trophoblastic vesicles suggests the possibility of damage to the inner cell mass during the culture period. Renard et al. (1981) noted an improvement in pregnancy rate after transfer of frozen-thawed, cultured Day-8 cow blastocysts. However, the overall survival rates were too low to enable any firm conclusions to be reached and, moreover, the same authors had previously shown that culturing cattle blastocysts for 24 h decreased their viability after transfer (Renard, Menezo, Saumande & Heyman, 1978 
